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(54) Method and apparatus for ultrasonic welding of synthetic resin members 



(57) A method for welding synthetic resin members 
includes the steps of detecting a temperature of a high 
frequency electrode (11, 13) or an ultrasonic horn (22) 
(or an anvil (23)) by a temperature detector (16, 27), 
cooling the high frequency electrode (11 , 13) or the ul- 
trasonic horn (22) (or the anvil (23)) by cooling means 
(17, 25) when the temperature detected by the temper- 
ature detector (1 6, 27) during a high frequency or ultra- 
sonic vibration exceeds a preset temperature range, 
thereby reducing the temperature rapidly down to the 
preset temperature range, and stopping an operation of 
the cooling means (17, 25) when the temperature of the 
high frequency electrode (11,13) or the ultrasonic horn 
(22) (or the anvil (23)) is reduced to the preset temper- 
ature range. 
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Description 

Background of the Invention 

Field of the Invention 

[0001] The present invention relates to a method and 
apparatus for welding synthetic resin members, for ex- 
ample, by a high frequency vibration or an ultrasonic vi- 
bration. More particularly, the present invention relates 
to a method and apparatus for welding synthetic resin 
members by a high frequency vibration or an ultrasonic 
vibration which can carry out efficient welding irrespec- 
tive of peripheral temperature conditions in a welding 
operation for a synthetic resin member in which the 
welding is repeated in a short time. 

Description of the Related Art 

[0002] Conventionally, welding has been carried out 
by utilizing a high frequency wave or an ultrasonic wave 
in order to stick a film or tape formed of a synthetic resin 
to an object or to bond sheets formed of a synthetic res- 
in. For example, JP-B-51 -7424 has disclosed that a syn- 
thetic resin piece is pressurized and welded to a slide 
fastenerchain by an ultrasonic wave or a high frequency 
wave, thereby forming a stopper portion. 
[0003] The pressure welding using the high frequency 
wave or the ultrasonic wave for forming the stopper por- 
tion is to be carried out repetitively in a short cycle in 
order to efficiently produce a slide fastener in large 
quantities, and furthermore, is to be performed under 
proper temperature conditions in order to firmly weld a 
synthetic resin piece to the slide fastener chain. In this 
connection, a welding time is less than two seconds and 
a standby time is one second so that one cycle is ended 
in approximately three seconds in total. 
[0004] In order to firmly weld a synthetic resin piece 
to a slide fastener chain in such a short time, a great 
thermal energy is to be quickly given by an ultrasonic 
wave or a high frequency wave to a synthetic resin 
piece, a fastener element, a fastener tape and so forth. 
By giving the excessive thermal energy, the synthetic 
resin piece, the fastener element and the fastener tape 
are overheated. For this reason, they become fragile 
and the stopper portion is broken when external force 
such as bending or pushing is applied after welding or 
thread cutting is caused on the faster tape. On the other 
hand, if a thermal energy is applied to be reduced, the 
welding is carried out insufficiently. Consequently, the 
stopper portion is separated from the slide fastener 
chain after the welding. Accordingly, a strict temperature 
management is required for the welding using the ultra- 
sonic wave or the high frequency wave. 
[0005] In order to execute the temperature manage- 
ment, according to JP-Y-63-33531 , for example, a heat- 
er and a temperature detector are provided on a cut-off 
die for guiding a thermoplastic film and a film is welded 
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by means of an ultrasonic horn to form a stopper portion 
in such a state that the temperature of the film is held 
into a predetermined temperature by means of a tem- 
perature controller. According to the same publication, 
5 the temperature of the cut-off die is controlled so that 
the film is preheated and a time required for applying an 
ultrasonic energy is shortened. Consequently, a stopper 
portion forming step is ended in a short time so that the 
productivity of a slide fastener can be enhanced, and 
10 furthermore, the film can be welded without applying an 
excessive thermal energy by means of the ultrasonic 
horn. Consequently, the film and the fastener tape can 
be prevented from becoming fragile. 
[0006] As described above, however this kind of 
is welding is carried out repetitively for a long time in a 
short cycle. Therefore, heating is carried out by the heat 
of the film and the fastener tape which is generated at 
time of the welding, and the temperature of the ultrason- 
ic horn or a high frequency electrode is gradually raised. 
Even if heat corresponding to an increase in the tem- 
perature is naturally discharged into the atmosphere, 
the horn and the electrode are cooled insufficiently. Ac- 
cordingly, an excessive thermal energy is gradually ap- 
plied to the synthetic resin piece, the fastener element 
and the faster tape so that they are caused to be fragile. 
[0007] As described in the JP-Y-63-33531 , particular- 
ly, in the case in which the heater is provided in the cut- 
off die, the temperature of the ultrasonic horn is greatly 
raised and special cooling is not carried out. Therefore, 
there is brought a situation in which the set value of the 
controlled temperature of the cut-off die by the temper- 
ature controller is to be changed during an operation. 

Summary of the Invention 

[0008] It is an object of the invention to provide a 
method and apparatus for welding a synthetic resin 
member by high frequency or ultrasonic heating which 
can always weld the synthetic resin member at a proper 
welding temperature without raising the temperature of 
an ultrasonic horn or a high frequency electrode to a set 
temperature or more. 

[0009] The object can be effectively attained by the 
invention related to a welding method according to first 
to fourth aspects and the invention related to a welding 
apparatus according to fifth to ninth aspects. As de- 
scribed in the first aspect, the invention related to the 
method for welding synthetic resin members by high fre- 
quency or ultrasonic heating is mainly characterized by 
the following steps. 

[0010] A method for welding synthetic rein members 
by high frequency or ultrasonic heating, includes the 
steps of detecting a temperature of a high frequency vi- 
brating portion or an ultrasonic vibrating portion by a 
temperature detector, cooling one of the high frequency 
electrodes or either of an ultrasonic horn and an anvil 
by cooling means when the temperature detected by the 
temperature detector during a high frequency or ultra- 
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sonic vibration exceeds a preset temperature range, 
thereby reducing the temperature rapidly down to the 
temperature range, stopping an operation of the cooling 
means when the temperature of the high frequency vi- 
brating portion or the ultrasonic vibrating portion is re- 5 
duced to the temperature range, and repeating a start 
and a stop of the cooing means. 
[0011] The welding method can be suitably carried 
out by the invention related to the welding apparatus ac- 
cording to the fifth to ninth aspects. As described in the 
fifth aspect, the invention related to the welding appara- 
tus is mainly characterized by the following structure. 
[0012] An apparatus for welding synthetic resin mem- 
bers by high frequency or ultrasonic heating comprises 
a high frequency or ultrasonic vibrator, a high frequency 
vibrating portion or an ultrasonic vibrating portion which 
is connected to the vibrator, temperature detecting 
means provided additionally in the high frequency vi- 
brating portion or the ultrasonic vibrating portion, cooling 
means for cooling the high frequency electrode or the 
anvil, and control means for comparing a temperature 
detected by the temperature detecting means with a set 
temperature, thereby operating or stopping the cooling 
means. 

[0013] A pair of high frequency vibrating portions in- 
clude upper and lower molds constituted by an electrode 
connected to the high frequency vibrator or the ultrason- 
ic vibrating portion includes an anvil and an ultrasonic 
horn connected to the ultrasonic vibrator, and the syn- 
thetic resin members to be welded are provided in a lam- 
ination state between the upper and lower molds or the 
ultrasonic horn and the anvil, and the synthetic resin 
members are welded by pressure. The high frequency 
vibrator or the ultrasonic vibrator is operated for a pre- 
determined time to weld the synthetic resin members by 
the internal heating of the synthetic resin members. This 
operation is repeated continuously. By the repetition of 
the welding operation, the amount of heat generated 
during the welding of the synthetic resin members is 
transferred so that the temperatures of the high frequen- 
cy electrodes or the ultrasonic horn and the anvil are 
raised gradually. 

[001 4] At this time, the temperature of the lower mold 
electrode for supporting the synthetic resin members to 
be welded in the high frequency electrodes or the ultra- 
sonic horn is always detected by the temperature de- 
tecting means, for example. A temperature signal thus 
detected is sent to the control means to decide whether 
or not the temperature is present within a preset tem- 
perature range. If it is decided that the temperature of 
the lower mold electrode or the ultrasonic horn is 
present out of the preset temperature range, a start in- 
struction signal is generated from the control means so 
that the cooling means starts an operation to positively 
cool the lower mold electrode or the ultrasonic horn, 
thereby reducing the temperatures thereof down to the 
temperature range. When the temperature of the lower 
mold electrode or the ultrasonic horn enters the temper- 



ature range, a stop instruction signal is generated from 
the control means, thereby stopping the operation of the 
cooling means. 

[0015] Thus, when the temperature of the high fre- 
quency vibrating portion or the ultrasonic vibrating por- 
tion exceeds the predetermined temperature range, the 
cooling means is operated to positively drop the temper- 
ature of the high frequency vibrating portion or the ultra- 
sonic vibrating portion. Consequently, the temperature 
of the high frequency electrode or the ultrasonic horn 
(anvil) can be always maintained in a constant range 
during the operation of the welding apparatus. Thus, the 
operation for welding the synthetic resin members is al- 
ways carried out at a proper temperature in a precise 
time. As a result, a product of high quality can be ob- 
tained, and furthermore, a productivity can be enhanced 
remarkably. 

[0016] Examples of the cooling means Include a cool- 
ing jacket provided in the high frequency vibrating por- 
tion or the ultrasonic vibrating portion in addition to the 
spray of cooling air from an air spray nozzle as is defined 
in a seventh aspect of the invention. 
[0017] A second aspect of the invention is directed to 
the method wherein the high frequency vibrating portion 
or the ultrasonic vibrating portion is preheated to a pre- 
determined temperature which is equal to or lower than 
the welding temperature of the synthetic resin members 
by external heating. For the preheating, a sixth aspect 
of the invention is directed to the apparatus wherein the 
high frequency vibrating portion or the ultrasonic vibrat- 
ing portion has preheating means. Preferably, an eighth 
aspect of the invention is directed to the apparatus 
wherein an electric heater is employed for the preheat- 
ing means and is removably attached to the high fre- 
quency vibrating portion or the ultrasonic vibrating por- 
tion. 

[0018] By providing the preheating means in the high 
frequency vibrating portion or the ultrasonic vibrating 
portion, the temperatures of the synthetic resin mem- 
bers to be welded can be raised previously. Conse- 
quently, a high frequency or ultrasonic energy to be ap- 
plied can be lessened, and furthermore, a welding time 
can be shortened. Moreover, since the temperature of 
the vibrating portion can be raised quickly also in a cold 
district or at time of the starting operation of the appa- 
ratus, for example. Therefore, a preparation time can 
also be shortened at time of the starling operation. In 
particular, it is preferable that the electric heater should 
be employed for the preheating means because the 
temperature is controlled easily. Furthermore, if the 
electric heater is removably provided in the high fre- 
quency vibrating portion or the ultrasonic vibrating por- 
tion, the power of the electric heater which is to be ap- 
plied can be controlled, and furthermore, the amount of 
heating by the heater can be regulated by adjusting the 
amount of insertion. 

[0019] At this time, the preheating temperature is to 
be set to be lower than the melting temperature of the 
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synthetic resin to be welded. Usually, examples of a syn- 
thetic resin material to be used tor a slide fastener in- 
clude polypropylene, polyester, polyamide and polya- 
cetal. In consideration of the melting temperatures of 
these resins, it is preferable that the preheating temper- 
ature should be set to 65 to 90°C as is defined in a third 
aspect of the invention. 

[0020] In a fourth aspect of the invention, the field of 
use of the synthetic resin member is specified. In par- 
ticular, one cycle of the welding operation is short, and 
furthermore, is applied to the formation of the stopper 
portion of the slide fastener in which a large number of 
repetitions are carried out, and one of the synthetic res- 
ins is a slide fastener chain and the other is a film piece 
for a stopper. 

[0021 ] In the apparatus according to a ninth aspect of 
the invention, furthermore, a fin, a hole or a concavo- 
convex portion is provided on the surface of the lower 
electrode of the high frequency vibrating portion or the 
ultrasonic horn. Since the fin, the hole or the concavo- 
convex portion is provided on the surface of the lower 
electrode or the ultrasonic horn, a contact area with a 
peripheral atmosphere is increased so that a radiation 
efficiency can be enhanced. In the case in which the 
hole or the concavo-convex portion is to be formed, par- 
ticularly, a heat exchange capability for the inside of the 
body of the lower electrode or the ultrasonic horn can 
be enhanced. 

Brief Description of the Drawings 
[0022] 

Fig. 1 is a schematic view showing a high frequency 
welding apparatus of a synthetic resin member ac- 
cording to a typical embodiment of the invention. 
Fig. 2 is a cross sectional view of the apparatus. 
Fig. 3 is a sectional view showing the main part of 
a welding step in the apparatus. 
Fig. 4 is a schematic view showing an ultrasonic 
welding apparatus of a synthetic resin member ac- 
cording to another typical embodiment of the inven- 
tion. 

Fig. 5 is a plan view showing a slide fastener pro- 
vided with a stopper by a high frequency or ultra- 
sonic welding apparatus. 

Detailed Description of the Preferred Embodiments 

[0023] A preferred embodiment of the invention will 
be specifically described below with reference to the 
drawings. Figs. 1 to 3 are views illustrating the structure 
of a stopper portion forming device for welding a film 
piece to be a stopper (lower stopper) to a slide fastener 
chain by utilizing a high frequency vibration according 
to a typical embodiment of the invention. Fig. 1 is a sche- 
matic view showing the stopper portion forming devoice, 
Fig. 2 is a schematic cross sectional view showing the 
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device, and Fig. 3 is a sectional view showing the main 
part of a welding step in the device. 
[0024] A fastener chain 1 has such a structure that a 
fastener element 1b obtained by forming a monofila- 

5 ment made of a synthetic resin like a coil is sewn through 
a sewing thread 4 along the opposed side edges of a 
pair of left and right fastener tapes 1 a obtained by weav- 
ing or knitting. Moreover, the configuration of the fasten- 
er chain is not restricted to the embodiment but a coil- 

10 shaped fastener element may be woven or knitted si- 
multaneously with the weaving or knitting for the fasten- 
er tape. 

[0025] In these drawings, the reference numeral 11 
denotes a lower mold constituted by a lower electrode 
*s which is connected to a high frequency vibrator 10, 
which oscillates a high frequency vibration, through a 
lead wire 12. The reference numeral 13 denotes a punch 
provided opposite to the lower electrode 11 and consti- 
tuted by an upper electrode connected to the high fre- 
20 quency vibrator 10 through a lead wire which is not 
shown. The punch 13 is vertically moved in a predeter- 
mined stroke together with a cut-off die 14 in the same 
manner as a conventional stopper forming device of this 
kind and is vertically moved independently together with 
25 the cut-off die 14. 

[0026] The lower mold 1 1 includes a body 11a having 
a cubic shape and a column portion 11b protruded up- 
ward from the center of the upper surface of the body 
11a, and the upper surface of the column portion 1 1 b is 
30 provided opposite to the lower surface of the punch 13. 
A hole 11 c for inserting a heater is formed upward in the 
central part of the lower surface of the body 11a, and a 
cylindrical electric heater 1 5 is removably inserted in the 
heater insertion hole 11c such that an insertion position 
35 thereof can be adjusted. A power to be applied to the 
electric heater 15 may be controlled through a temper- 
ature controller which is not shown. Furthermore, the 
lower body 1 1 a is provided with a radiation passage 1 1 d 
having a plurality of through holes and blind holes on an 
^0 opposed surface to an air spray nozzle 17 in a portion 
provided apart from the heater insertion hole 11c as 
shown in Fig. 2. 

[0027] A temperature detector 1 6 is attached to a part 
of the side surface of the body 11a in the lower mold 11 
45 and serves to always detect the temperature of the body 
11a. Moreover, the air spray nozzle 17 for cooling air is 
provided toward the body 11a at the side of the body 
11a. The temperature detector 16 is connected through 
a control device 18 to a pneumatic source of the air 
s o spray nozzle 17 which is not shown, and the tempera- 
ture detected by the temperature detector 1 6 is input as 
a digital signal to the control device 1 8 and is operated 
in a relative operation portion of the control device 18 
which is not shown, and is decided to be present in the 
55 prestored temperature range or not. If the detected tem- 
perature exceeds the temperature range, the pneumatic 
source is operated so that the cooling air is sprayed from 
the air spray nozzle 17 toward the body 11a. Moreover, 
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when the detected temperature is present within the 
temperature range, a stop signal is output from the con- 
trol device 1 8 to the pneumatic source so that the spray 
of the cooling air is stopped. 

[0028] The temperature range includes a highest tem- 
perature and a lowest temperature. The cooling air 
starts to be sprayed when the temperature of the body 
11a exceeds the highest temperature. This spraying of 
the cooling air is stopped when the temperature of the 
body 11a becomes lower than the highest temperature 
and reaches the lowest temperature. When the temper- 
ature of the body 11a is in a range between the highest 
temperature and the lowest temperature, welding of a 
film piece 3 to the fastener chain 1 is repeated. 
[0029] Usually, the lower mold 11 is constituted by a 
solid block member. Even if the cooling air is sprayed 
from the air spray nozzle 1 7 toward the body 11 a as de- 
scribed above, a cooling speed is low and it is hard to 
carry out the cooling to a predetermined temperature 
range in one second, for example, until the film piece 3 
to be the stopper piece of a slide fastener is welded to 
the fastener chain 1 to form a stopper portion and a next 
welding operation is then performed. In the embodi- 
ment, as described above, the radiation passage 11d 
including a plurality of through holes or blind holes is 
formed on the body 11 a to increase a contact area with 
the cooling air, thereby carrying out smooth cooling 
down to the predetermined temperature range. The ra- 
diation passage 1 1 d can also be provided in portions 
other than the opposed surface to the air spray nozzle 
17. Moreover, the configuration is not restricted to the 
shape of a hole but the surface of the body 11a may be 
simply processed to have the shape of a concavo-con- 
vex portion or a fin. 

[0030] The cut-off die 1 4 is provided with an introduc- 
tion hole 14a for a long continuous tape-shaped film 2 
and the tape-shaped film 2 is intermittently supplied to 
a concave cut portion of the cut-off die 14 through the 
introduction hole 14a by a necessary length during the 
welding by means of a feeding device 1 9 including a pair 
of feeding rollers 19a and 19b holding the film 2 from 
above and below. When the tape-shaped film 2 having 
a predetermined length is supplied to the concave cut 
portion of the cut-off die 1 4, the cut-off die 1 4 is brought 
down and the punch 13 is subsequently brought down 
with a predetermined time difference to cut the tape- 
shaped film 2, thereby forming the film piece 3 for a stop- 
per. The film piece 3 thus cut is brought down with the 
descent of the punch 1 3 and is pushed against the upper 
surface of the lower mold 11 through the stopper forming 
region of the fastener chain 1 provided in a lower part. 
[0031 ] When the film piece 3 is thus set into the stop- 
per forming portion of the fastener chain 1 , an operation 
signal is generated from the control device 18 so that 
the high frequency vibrator 10 is turned on and is thus 
operated to apply a high frequency voltage between the 
lower mold 11 and the punch 13. As shown in Fig. 3, 
consequently, the stopper forming portion and the film 



piece 3 are welded to each other by the internal heating 
of the stopper forming region in the fastener chain 1 and 
the film piece 3. A time required for the welding is ap- 
proximately two seconds. 

5 [0032] When the welding is ended, the punch 13 is 
lifted to a predetermined standby position in the concave 
cut portion of the cut-off die 14. Upon receipt of a signal 
sent from the control device 18, a feeding mechanism 
for the tape-shaped film 2 which is not shown is operated 

io so that the tape-shaped film 2 having a predetermined 
length is introduced into the concave cut portion of the 
cut-off die 14 through the introduction hole 14a. Subse- 
quently, the same operation as the operation described 
above is carried out and a next welding operation is per- 

15 formed. At this time, a time taken until the next welding 
operation is started after the end of the last welding is 
less than one second. Then, the welding operation is 
carried out repetitively. 

[0033] When the welding operation is carried out re- 

20 petitively, the temperatures of the lower mold 1 1 and the 
punch 13 are gradually raised by the internal heat gen- 
eration of the stopper forming region in the fastener 
chain 1 and the film piece 3 and the stopper forming re- 
gion and the film piece 3 are finally brought into an over- 

25 heat state so that the stopper forming portion is caused 
to be fragile by the welding operation. In the case in 
which a heater for preheating is provided in the lower 
mold 11 , particularly, the overheat state is easily brought 
in an early stage by the heating of the heater. In this 

30 case, even if automatic temperature control is carried 
out by the temperature controller, it is impossible to rap- 
idly cool the lower mold 11 down to a predetermined 
temperature range when a time taken until the next 
welding operation is carried out is short as described 

35 above. 

[0034] On the other hand, as in the embodiment, the 
lower mold 11 is positively cooled by external cooling 
means. Consequently, the lower mold 11 can be 
smoothly cooled down to the predetermined tempera- 

40 ture range also in a short time as described above. Thus, 
the stopper forming portion can be prevented from be- 
coming fragile during working for a long time. 
[0035] With such a structure that the electric heater 
15 is removably inserted into the heater insertion hole 

^5 Hd and a stopper for the electric heater 1 5 is attached 
stepwise, for example, to control the amount of the In- 
sertion of the eleclric heater 15 in the embodiment, 
when the preheating temperature of the lower mold 11 
is raised to be a set temperature or more and the cooling 

50 cannot be thereby carried out rapidly by only the air 
spray nozzle 1 7, the amount of the insertion of the elec- 
tric heater 15 is controlled so that the preheating tem- 
perature can be reduced and the cooling can be carried 
out effectively by means of the air spray nozzle 17. 

55 [0036] Fig. 4 schematically shows a second embodi- 
ment of the invention. According to the embodiment, the 
stopper forming region in the fastener chain 1 and the 
film piece 3 are welded and integrated by an ultrasonic 
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vibration. In Fig. 4, conventional well-known compo- 
nents are not shown and only components provided in 
portions which are directly related to the invention are 
schematically shown. In the following description, ac- 
cordingly, the detailed description of the conventional 5 
components will be omitted. 

[0037] The fastener chain 1 in Fig. 4 has a similar 
structure to that shown in Figs. 1 and 2. In the fastener 
chain 1 shown in Fig 4, a zigzag fastener element 1b 
obtained from a monofilament f ormed of a synthetic res- 
in is sewn through a sewing thread 4 along opposed side 
edges of a pair of left and right faster tapes 1a obtained 
by weaving or knitting. 

[0038] A stopper portion forming device 20 for a slide 
fastener according to the embodiment includes an ultra- 
sonic vibrator 21 , an ultrasonic horn 22 connected to the 
ultrasonic vibrator 21, an anvil 23 provided below the 
ultrasonic horn 22, a support table 24 of the fastener 
chain 1, an air spray nozzle 25 for cooling air which is 
provided toward the ultrasonic horn 22, and a control 
device 26 for controlling the movement of the operating 
member of the stopper portion forming device 20. The 
ultrasonic vibrator 21 oscillates a ultrasonic vibration. 
[0039] The anvil 23 is provided in a guide hole formed 
in the support table 24 in a vertical direction to be verti- 
cally movable. The upper surface of the anvil 23 is set 
to be a pressing surface having the shape of the lower 
surface of a stopper portion and the lower surface of the 
ultrasonic horn 22 is set to be a pressing surface having 
the shape of the upper surface of the stopper portion. 
The ultrasonic horn 22 is provided above the anvil 23 to 
be vertically movable. 

[0040] A temperature detector 27 is attached to the 
ultrasonic horn 22, and a temperature detection signal 
detected by the temperature detector 27 is input to the 
control device 26 and the detected temperature is com- 
pared with a prestored temperature range in the control 
device. If it is decided that the detected temperature ex- 
ceeds the temperature range, the driving signal of a driv- 
ing source such as a fan which is not shown is generated 
from a control signal and cooling air is sprayed from the 
air spray nozzle 25 onto the ultrasonic horn 22 so that 
the horn 22 is cooled positively. 

[0041 ] For example, an electric heater is attached and 
the preheating temperature of the ultrasonic horn 22 Is 
controlled by a power applied to the electric heater or 
the ON/OFF operation of a power source so that ultra- 
sonic welding can also be carried out by a small ultra- 
sonic energy, which is not shown. In this case, the power 
source of the electric heater is turned ON/OFF simulta- 
neously with the start/stop of the operation of the ultra- 
sonic vibrator 20, thereby starting/stopping the driving 
operation of the driving source such as a fan simultane- 
ously with the ON/OFF operation of the power source. 
At this time, it is preferable that the air spray nozzle 25 
should be turned toward the pressing surface of the ul- 
trasonic horn 22 in order to enhance a cooling efficiency. 
[0042] According to the stopper portion forming de- 



vice 20 of the slide fastener according to the embodi- 
ment which is constituted as described above, first of 
all, the anvil 23 is brought down and the ultrasonic horn 
22 is lifted, and a synthetic resin piece 5 is mounted on 
the anvil 23 in this state. Then, the stopper forming re- 
gion is set onto the upper surface of the synthetic resin 
piece 5 such that the surface side of the fastener chain 
1 is set to be the anvil 23 side. The anvil 23 is then lifted 
and the ultrasonic horn 22 is brought down to interpose 
the synthetic resin piece 5 and the stopper forming re- 
gion between the anvil 23 and the ultrasonic horn 22 in 
a lamination state. Then, an ultrasonic wave is applied 
with pressurization to weld the synthetic resin piece 5 to 
the stopper forming region of the fastener chain 1 by 
internal heating, thereby forming a stopper portion. By 
repeating the welding operation while intermittently sup- 
plying the faster chain 1 by a predetermined length, the 
stopper portion in a required region is sequentially 
formed every predetermined length. 
[0043] Also in the embodiment, the ultrasonic horn 22 
is positively cooled by spraying the cooling air from the 
outside. Even if the welding operation for one cycle is 
carried out in a short time as described above, therefore, 
the ultrasonic horn 22 can be cooled rapidly down to the 
predetermined temperature range. Accordingly, even if 
the welding operation is repeated for a long time, the 
stopper forming portion can be prevented from becom- 
ing fragile. 

[0044] By the high frequency or ultrasonic welding ap- 
paratus, as shown in Fig. 5, a stopper portion 8 including 
an upper stopper 8a and a lower stopper 8b to which 
the synthetic resin piece or the film piece is welded and 
which is formed of a synthetic resin is provided on the 
end of a fastener element line 7 of a slide fastener 6. In 
some cases, a lamination piece in which nylon, polyes- 
ter, nylon and denatured polyester is laminated is used 
for the synthetic resin piece or the film piece. 
[0045] As described above, according to the method 
and apparatus for welding a synthetic resin member by 
a high frequency wave or an ultrasonic wave in accord- 
ance with the invention, the invention can produce the 
following peculiar and great effects. 
[0046] A difference in a temperature is made between 
the set temperature of the high frequency vibrating por- 
tion or the ultrasonic vibrating portion and the tempera- 
ture range preset by cooling. Therefore, the error of a 
preheating temperature is permitted within the differ- 
ence and rapid cooling can reliably be carried out mainly 
at time of a rise in the temperature during the operation 
of the high frequency or ultrasonic vibrator. Consequent- 
ly, a productivity can be enhanced and a product of high 
quality can be obtained. In the case in which the air is 
sprayed for the cooling means, particularly, the high fre- 
quency vibrating portion or the ultrasonic vibrating por- 
tion can be cooled easily at a low cost. Moreover, a fin, 
a hole or a concavo-convex portion is formed in the high 
frequency vibrating portion or the ultrasonic vibrating 
portion. Consequently, the surface area of the high fre- 
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quency vibrating portion or the ultrasonic vibrating por- 
tion is increased so that heat can easily be radiated from 
the vibrating portion and a cooling efficiency can further 
be enhanced. 

[0047] By preheating the high frequency vibrating por- 
tion or the ultrasonic vibrating portion to the preset tem- 
perature prior to the execution of the welding, moreover, 
it is possible to carry out the high frequency or ultrasonic 
welding smoothly at a proper temperature under con- 
stant conditions also in a cold district or the winter sea- 
son to be a peripheral environment for the execution of 
the welding, for example. Furthermore, it is possible to 
carry out the preheating, thereby easily raising the tem- 
perature to the set temperature of the high frequency 
vibrating portion or the ultrasonic vibrating portion. 



Claims 

1. A welding method for welding synthetic rein mem- 
bers by one of a high frequency vibration and an 
ultrasonic vibration, comprising the steps of: 



the temperature exceeds the highest temperature, 
and the cooling device (1 7, 25) is stopped when the 
temperature reaches the lowest temperature. 

5 6. A welding apparatus for welding synthetic resin 
members by one of a high frequency vibration and 
an ultrasonic vibration, comprising a vibrator (10, 
21) which oscillates one of the high frequency vi- 
bration and the ultrasonic vibration; and a vibrating 

10 portion (11, 13, 22, 23) connected to the vibrator 
(10, 21), characterized by further comprising: 

a temperature detector (16, 27) which detects 
a temperature of the vibrating portion (11, 13, 

15 22, 23); 

a cooling device (1 7, 25) which cools the vibrat- 
ing portion (11, 13, 22, 23); and 
a controller (1 8, 26) which compares a temper- 
ature delected by the temperature detector (1 6 , 

20 27) with a predetermined temperature, thereby 

operating or stopping the cooling device (1 7, 
25). 



detecting a temperature of a vibrating portion 
(1 1 , 1 3, 22, 23) by a temperature detector; 25 
cooling the vibrating portion (11, 13, 22, 23) by 
a cooling device (17, 25) when the temperature 
detected by the temperature detector (16, 27) 
during one of the high frequency vibration and 
the ultrasonic vibration exceeds a preset tern- 30 
perature range, thereby reducing the tempera- 
ture rapidly down to the preset temperature 
range; 

stopping an operation of the cooling device (1 7, 
25) when the temperature of the vibrating por- 35 
tion (11, 13, 22, 23) is reduced to the preset 
temperature range; and 
repeating a start and a stop of the cooling de- 
vice (17, 25). 

40 

2. The welding method according to claim 1 , further 
comprising the step of preheating the vibrating por- 
tion (11,13, 22, 23) to a predetermined temperature 
which is equal to or lower than a welding tempera- 
ture of the synthetic resin member. 45 

3. The welding method according to claim 2, wherein 
the preheating temperature is 65 to 90°C. 



7. The welding apparatus according to claim 6 r where- 
in the cooling device (1 7. 25) includes a spray noz- 
zle for cooling air. 

8. The welding apparatus according to claim 6. where- 
in the cooling device (17, 25) is a cooling jacket pro- 
vided in the vibrating portion. 

9. The welding apparatus according to claim 6 , where- 
in the vibrating portion includes a preheating device 
(15). 

10. The welding apparatus according to claim 9, where- 
in the preheating device (15) is an electric heater 
inserted into the vibrating portion. 

1 1 . The welding apparatus according to claim 6, where- 
in a plurality of radiation passages (11 d) are provid- 
ed on a surface of the vibrating portion (11 , 13, 22, 
23), and the radiation passages are formed as at 
least one of fins, holes and concavo-convex por- 
tions. 



4. The welding method according to claim 1 , wherein so 
one of the synthetic resin members is a slide fas- 
tener chain (1) and the other is one of a film piece 
and a synthetic resin piece for a stopper. 

5. The welding method according to claim 1 , wherein 55 
the preset temperature range includes a highest 
temperature and a lowest temperature, and the 
cooling device (17, 25) starts to be operated when 
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